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We report on the extraction of dihadron fragmentation functions (DiFF) from the semi-
inclusive production of two hadron pairs in back-to-back jets in e+e− annihilation. A
nonzero asymmetry in the correlation of azimuthal orientations of opposite pi+pi− pairs is
related to the transverse polarization of fragmenting quarks through a significant polarized
DiFF. A combined analysis of this asymmetry and the spin asymmetry in the SIDIS process
ep↑ → e′(pi+pi−)X has led to the first extraction of the u and d-flavor transversity parton
distribution function in the framework of collinear factorization.
The distribution of quarks and gluons inside hadrons can be described by means of parton
distribution functions (PDFs). In a parton-model picture, PDFs describe combinations of
number densities of quarks and gluons in a fast-moving hadron. The knowledge of PDFs
is crucial for our understanding of QCD and for the interpretation of high-energy experiments
involving hadrons. At leading-twist, the quark structure of hadrons is described by three PDFs.
The unpolarized distribution f1(x), the longitudinal polarization, helicity, distribution g1(x)
and the transverse polarization, transversity, distribution h1(x). From the phenomenological
point of view, the unpolarized PDF is a well-known quantity and the helicity PDF is known to
some extent. On the other hand, the transversity distribution is poorly known. It is due to its
chiral-odd nature. In effect, transversity is not observable from fully inclusive DIS. In order to
measure the transversity PDF, chirality must be flipped twice. We can either have two hadrons
in the initial state, e.g. proton-proton collision ; or one hadron in the initial state and at least
one hadron in the final state, e.g. semi-inclusive DIS (SIDIS).
In these proceedings, we consider two-hadron production in DIS, i.e., the process
ℓ(l) +N(P )→ ℓ(l′) +H1(P1) +H2(P2) +X , (1)
where ℓ denotes the beam lepton, N the nucleon target, H1 and H2 the produced hadrons, and
where four-momenta are given in parentheses. The transversity distribution function is here
multiplied by a chiral-odd DiFF, denoted as H∢ q1 [1], which describes the correlation between
the transverse polarization of the fragmenting quark with flavor q and the azimuthal orientation
of the plane containing the momenta of the detected hadron pair. DiFFs are functions of the in-
variant mass of the pion pair,Mh, and the momentum fraction of the fragmenting quark carried
by the pair, z. Since DiFFs are not TMD FF but collinear FF instead, this effect survives after
integration over quark transverse momenta and can therefore be analyzed in the framework
of collinear factorization. Measurement of the relevant asymmetry has been presented by the
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HERMES collaboration for the production of π+π− pairs on transversely polarized protons [2],
and led to the first extraction of transversity in a collinear framework [3]. The COMPASS
collaboration [4] has recently published similar measurements on proton and deuteron targets.
The combination of these new data allows for a flavor separation of the transversity, which we
present here for the first time.
In order to extract transversity for pion pair production in SIDIS, one has to determine
independently the DiFFs. This can be achieved by studying the correlations between the
azimuthal orientations of two pion pairs in back-to-back jets in e+e− annihilation [5]. The first
analysis of the so-called Artru–Collins asymmetry [6], i.e.,
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by the Belle collaboration [7] made possible a direct extraction of H∢1
1 for the production of
π+π−. R is the relative momentum of the pair, it obeys the relation 2 |R|/Mh =
√
1− 4m2pi/M
2
h .
In the absence of a measurement of the unpolarized cross section for dihadron production in
e+e− annihilation, the unpolarized DiFF, D1, was parametrized to reproduce the two-hadron
yields of the PYTHIA event generator, which is known to give a good description of data.
Combining the parametrization of the unpolarized functions D1 with the fit of the azimuthal
asymmetry presented in Ref. [7], it was possible to extract the DiFF H∢1 [8].
HERMES range COMPASS range
nu = 0.564 0.785
ns = 0.303 0.443
n↑u = 0.146± 0.037 0.163± 0.031
Table 1: DiFF integrated over experimental
ranges. We neglect the error coming from the de-
termination of D1.
We have now all the ingredients at
hand to extract transversity from the pro-
cess (1). In a collinear framework, we can
single out the DiFF contribution to the
SIDIS asymmetry from the x-dependence
coming from the transversity PDF. In par-
ticular, the x behavior of h1(x) is simply
given by integrating the numerator of the
asymmetry over the (z,Mh)-dependence,
so that the relevant quantities for our pur-
poses are
nq(Q
2) =
∫
dz dMhD
q
1(z,Mh;Q
2) , (3)
n↑q(Q
2) =
∫
dz dMh
|R|
Mh
H∢ q1 (z,Mh;Q
2) , (4)
where the integral limits are defined in the physical range of validity, i.e. from 2mpi to Mh ≪ Q
and 0.2 < z < 1.
The asymmetry, expressed in terms of the integrated DiFFs, reads
ASIDIS(x,Q
2) =
∑
q e
2
q h
q
1(x,Q
2)n↑q(Q
2)∑
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2
q f
q
1 (x,Q
2)nq(Q2)
. (5)
1We call here H∢
1,sp
by H∢
1
to avoid clumsy notations.
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Figure 1: The combinations of Eq. (7), left panel, and Eq. (8), right panel. The circle red
dots are the extracted transversities at HERMES ; the squared blue dots are the extracted
transversities at COMPASS. The dashed lines correspond to Torino’s transversity [9].
Asumming isospin symmetry and charge conjugation [10], i.e.
Du1 = D
d
1 = D
u¯
1 = D
d¯
1 , D
s
1 = D
s¯
1 , D
c
1 = D
c¯
1 ,
H∢u1 = −H
∢d
1 = −H
∢u¯
1 = H
∢d¯
1 & H
∢s,s¯
1 = H
∢c,c¯
1 = 0 , (6)
the only relevant quantities here are nu, ns and n
↑
u, since the charm unpolarized PDF can be
neglected. For phenomenological purposes, we evaluate the integrals (3, 4) over the correspond-
ing kinematical ranges for the HERMES and the COMPASS data. The results are given in
Table 1. Hence, for a proton target, Eq. (5) leads to the combination of transversity PDFs
xhuv1 (x,Q
2)− 1
4
xhdv1 (x,Q
2) = −
APSIDIS(x,Q
2)
n↑u(Q2)
∑
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e2q
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2)xf q+q¯1 (x,Q
2) , (7)
and, for a deuteron target,
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In Fig. 1, we show the extracted transversity combinations in the experimental x values, to-
gether with the parametrization of Ref. [9]. We have employed the MSTW08LO PDF set [11]
for the unpolarized PDFs. The errorbands include both the error on the experimental data,
∆ASIDIS, and the error coming from the fit of H
∢
1 , i.e. ∆n
↑
u. Combining the proton and
deuteron data, i.e. Eqs. (7-8), allows for a flavor separation, which results are shown in Fig. 2.
In summary, we have presented a determination of the transversity parton distribution for
the u and d flavors in the framework of collinear factorization by using data for pion-pair
production in DIS off transversely polarized targets, combined with data of e+e− annihilations
into pion pairs. The final trend of the extracted transversity seems not to be in disagreement
with the Torino’s transversity [9], even though there is a large uncertainty due to the deuteron
data. More data are needed to clarify the issue.
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Figure 2: The extracted transversities at COMPASS for the u-flavor on the left panel, and for
the d-flavor on the right panel.
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